Introduction
Defective bacterial killing by neutrophils is increasingly becoming recognised as a cause of recurrent bacterial infections. X-linked chronic granulomatous disease is the best known of these non-specific primary immunodeficiencies.' 2 Neutrophils from such patients do not increase their oxygen consumption or glucose metabolism after phagocytosis, do not produce hydrogen peroxide or superoxide, and fail to reduce nitroblue tetrazolium (NBT).3 Most patients with chronic granulomatous disease have recurrent abscesses affecting the skin, lymph nodes, lung, bone, and liver, and many die in childhood.' 2 Their infections are predominantly with coagulase-positive staphylococci and fungi. There are several variants of chronic granulomatous disease, some of which occur in female patients. They are summarised below. Patients with these disorders fail to reduce NBT normally; however, those with Job's syndrome (red-haired, fair-skinned girls with cold abscesses) are a mixed group, some having normal NBT reduction,"2 and some failure of reduction.'0 One mechanism for the intracellular killing of bacteria seems to depend on the interaction of hydrogen peroxide with the enzyme myeloperoxidase and a halide.'3 Myeloperoxidase deficiency has been described.'4 These patients reduce NBT normally and only occasionally have a measurable defect in bacterial killing.
We report here a deficiency of neutrophil pyruvate kinase associated with an intracellular killing defect in the neutrophils. This has not been described before. The patient had recurrent staphylococcal infections throughout her 31 years of life and reduced NBT normally.
Case history
The patient, born in February 1944, was the first child of previously unrelated parents. She was of above average intelligence and worked as a needlework instructress. In her first week of life she had a septic finger. Infected eczema developed at 3 weeks and lasted until she was four years of age. She then had a series of staphylococcal boils and abscesses occurring about once a month; some episodes were severe, with infection in the right knee, left mastoid, and perineum. One abscess in the neck discharged for six months. She had staphylococcal pneumonia when 6, 8, and 12 years old. The last attack was followed by a staphylococcal empyema that required rib resection and discharged for about nine months. At the age of 13 she developed staphylococcal osteomyelitis of the lumbar spine with a paravertebral abscess. A sinus in her left loin subsequently discharged for three years. During childhood she had had measles, rubella, chickenpox, and whooping cough, and had recovered normally from each of these. 
Methods and results
The following investigations were carried out during the last five years of the patient's life.
Enzyme assays and kinetic studies were carried out on neutrophils collected by the method of Baehner and Nathan.15 After performing white cell and granulocyte counts the cells were disrupted either by sonication or by freezing and thawing three times. Other tests carried out are listed in tables I-III. (table II) . Because of the low PK activity we looked for the presence of an abnormal enzyme. The patient's neutrophil PK showed decreased activity above 37°C compared with that of the control (fig 1) . The enzyme was also unstable when stored at 0-40C, its activity decaying rapidly as compared with the control, having only 10% of its original activity after 30 hours (fig 2) . The optimum pH was the same for the patient as for the control, though at a lower level (fig 3) . Neutrophil and erythrocyte PK electrophoretic patterns were normal in the patient and her family on starch gel at pH 7-5. Owing to the rapid spontaneous decay we were unable to obtain binding constants for other substrates.
Lymphocyte function-The patient's lymphocytes responded normally to in-vitro stimulation by specific and non-specific stimuli. Delayed hypersensitivity skin tests gave negative results (table III) .
Other tests-Total white cell count was normal or raised (9 x 109-16 x 109/1; 9000-16 000/mm3), with a normal or raised neutrophil count (5 x 109-14 x 109/1; 5000-14 000/mWM3). 
Discussion
This patient's history suggested a defect in the antibodycomplement-phagocyte pathway. Normal antibody and complement and normal neutrophil counts pointed to a neutrophil defect, which was confirmed by bactericidal tests with Staph aureus. Neutrophils from patients with classic chronic granulomatous disease fail to reduce NBT and fail to increase carbon dioxide production during phagocytosis. 16 Our patient's neutrophils were normal for these tests, indicating that hydrogen peroxide production and hexose monophosphate activity were normal. This pointed to a defect in the latter part of the glycolytic pathway. Pyruvate kinase activity was deficient in her neutrophils. The enzyme present was unstable at 0-4°C and unstable above 37°C as compared with the control.
During phagocytosis glucose consumption and lactate production are usually increased.'7 Since PK deficiency blocks the conversion of phosphoenol pyruvate to pyruvate this could be responsible for the lack of intracellular energy production in our patient (fig 4) . The pH in normal phagocytic vacuoles is lower than in the cytoplasm, and may fall to 3.0.18 This acidity is at least partially due to lactate formation.'9 which would be expected to be impaired with PK deficiency. The There are three main isoenzymes of PK: type 1 (L) is present in the liver and erythrocytes; type 2 (LM) is present in the kidney; and type 3 (M) is present in the neutrophils, platelets, brain, and muscle. PK deficiency is most clearly recognised in the red cells.20 In most patients no abnormal enzyme has been found,21 but PK with abnormal kinetics22 and abnormal electrophoretic patterns22 23 has been described. No patient with erythrocyte PK deficiency has been shown to have a leucocyte deficiency. Our patient had normal erythrocyte PK. Type 3 PK (found in neutrophils) is thus the most widespread isoenzyme. There was, however, no clinical evidence of a functional defect in other organs in our patient.
We were unable to show any defect in the patient's parents or two sisters. There was no previous family history of severe infections. We are therefore unable to specify the inheritance in this case.
Introduction
Several recent case reports have shown an association between coeliac disease and diffuse interstitial pulmonary disease. Villous atrophy due to a gluten-sensitive enteropathy has recently been described with extrinsic allergic alveolitis due to avian exposure (bird. fancier's lung)' and there are reports of sarcoidosis' and fibrosing alveolitis3 occurring with coeliac disease. Apparently .-patients with coeliac disease have an increased incidence of other autoimmune disturbances, although the meaning of these .changes is not clear. Abnormalities of immunoglobulins in both .serum and.jejunal secretions have been recorded in coeliac disease,4-8 as has an association with Addison's disease,9
Sjogren's syndrome,'0 11 thyroid disease,'0 and ulcerative colitis. '2 Fibrosing alveolitis is associated with hyperglobulinaemia"3 and is found in associations with conditions of possible autoimmune aetiology such as ulcerative colitis, '4 Hashimoto's thyroiditis," 5 rheumatoid arthritis," 5 and Sjogren's syndrome.'4-'6 The lungs are, of course, often affected in connective tissue disorders, as in rheumatoid arthritis, systemic sclerosis, polyarteritis nodosa, and systemic lupus erythematosis.
I report here two cases of extrinsic allergic alveolitis due to mouldy hay (farmer's lung) occurring in patients with coeliac disease. He was dyspnoeic at rest and there were widespread fine crepitations heard throughout both lung fields. X-ray examination of the chest and gel immunodiffusion against Mycopolysporafaeni confirmed farmer's lung. The symptoms quickly improved in hospital without any specific treatment. His chest improved clinically, although it was some months before his chest x-ray appearances reverted to normal. [25] [26] [27] [28] [29] [30] g/l). He weighed 53 kg. Jejunal biopsy showed subtotal villous atrophy. He was started on a gluten-free diet with considerable improvement in his general health. At the last review, six months after his admission, he had put on 8 kg in weight, and his chest was clear both clinically and on x-ray examination. Haemoglobin was 15 g/dl and calcium levels were normal.
This man had classical extrinsic alveolitis due to mouldy hay but had a concomitant coeliac syndrome, which had been producing symptoms for at least four years.
Case 2
A farmer's wife aged 58 attended another hospital in 1968 complaining of shortness of breath, weight loss, and epigastric soreness. She was recorded as having bilateral basal pleural rubs and being dyspnoeic at rest but not cyanosed. One chest x-ray picture was reported as being normal. Another several weeks later showed fine miliary mottling. Haemoglobin was 14-6 g/dl with a normal white cell count and differential count. Total proteins were increased, with the albumin globulin ratio at 09. Serum electrophoresis showed an increase in a,-and y-globulin.
She was readmitted in 1975, when aged 65, and was found to be acutely dyspnoeic. There were crepitations in both lung fields. She was apyrexial. Sputum culture gave a heavy growth of Klebsiella pneumoniae and she was treated with antibiotics. Serial sputum cultures for tuberculosis were negative. Haemoglobin was 12-7 g/dl and white cell count 8-1 x 109/l (8100/mm3) with an eosinophil count of 6%. Chest x-ray examination showed widespread chronic inflammatory changes. Tests for extrinsic alveolitis showed a positive gel immunodiffusion against M faeni. Farmer's lung was diagnosed clinically and on discharge from hospital she was feeling better.
